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In connection with the general problem of cowling and 
cooling an aircraft power plant located within a fuselage, 
tests ware made in the iUCA 8-foot high-speed wind tunnel 
to determine the effect on external drag and on the pres- 
sure dist ri outicn of air inlet openings located at the 
stagnation point of a streamline "body. Air outlet openings 
located at the tail and at the 21-percent and 63-percent 
stations of the cod;- wore also investigated. Boundary- 
layer transition measurements were made and correlated 
with the force and the pressure data. Individual openings 
were tested with the aid of a blower and then practicable 
combinations of inlet and outlet openings were tested. 
Various modifications to the internal duct chape near the 
inlet opening and the aerodynamic effects of a gun. in the 
duct were also studied* 

The results showed that the external drag (measured 
drag less computed drag due to internal duct losses) of the 
body with suitably designed nose-inlfct and tail-outlet 
openings over a wide range of rates of internal air flow 
was no higher than the drag of the streamline "body. The 
static-pressure distribution with the best of ouch cor. hi- 
nations was almost identical with that of the correspond- 
ing portion of the streamline body. As a consequence , the 
same favorable boundary-layer flow conditions as on the 
streamline body were obtained. The local velocity incre- 
ments at 'the noses were so low that the critical sp?ed of 
a fuselage employing these shapes would depend on the peak- 
velocity increments occurring elsewhere than on the nose. 

The results of the tests suggested that outlet open- 
ings should be designed so that the static pressure of the 
internal flow at the outlet would be the same as the stat- 
ic pressure of the external flow in the vicinity of the 
opening. Badieal changes in the internal-duct arrangement 
near the inlet openings had little effect on the external 
drag or pressure distribution. 
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For the purpose of analysis, the dras; cost of a power— 
plant installation in a fuselage may be considered in two 
logically separate parts: the internal dr&^ due to the 
cooling and duct losses, and the external- dra? increments 
resulting from departure from good "basic aerodynamic shapes 
and from the addition of cowlings, louvers, scoops, and 
the like. 

Tests of modem pursuit airplanes in the full— scale 
wind tunnel have ghown targe external losses for current 
power-plant installations. Ehe external dya^ of ?ood 
KACA cowling installations with no protruding scoops or sur- 
face irregularities T :*as shown in reference 1 to oe consid- 
erable. At hi*;h speeds, prohibitive increases in the ex- 
ternal dra? ma- occur as a result of the formation of the 
compress! oility curolo on cowling noses (reference 2 ) or 
protruding scoops . 

The internal dra^ for cowled radial engines has h?en 
found to be small ( a 0 out 3 percent of the airplane dra^> } 
in the hi *jh— speed flight condition, provided that the exit- 
slot size is adjustable to limit the internal flow to the 
minimum required (reference 3 ) . The low internal dra~ was 
a consequence of the low entrance and duct velocities as- 
sociated with the 'TAOA cowlln? rather than of -;ocd internal 
duct design. A principal conclusion of the in ve st i vat i on 
of reference 4 is that the internal dra^ of a ducted radi- 
ator system will "be small if the ducts are de^i-^ned with 
duo regard for the casic internal-flow principles. In gen- 
eral, the internal-flow system offers no serious aerody- 
namic problems although iar^e improvements are possible in 
many of the arrangements now in use 0 A considerable vol- 
ume of published data on duct design is available. 

Lar^'e reductions in the external dra? cost of present 
installations surest the use of improved fuselage shapes 
of the smallest si s e or wetted area possible • In single- 
engine pursuit-type installations this procedure will visu- 
ally involve locating the power plant near the maximum 
section of the fuselage. In addition, the numerous ineffi- 
cient separate inlet and outlet openings should he elimi- 
nated ana replaced by a single well-designed inlet opening 
located at the stagnation point and a. single efficient out- 
let opening pro oa civ placed near the tail. Air in the main 
duct would oe directed to the various radiators and to the 



carburetor air intake by a number of separate internal 
•ductr. The central location of the power plant in v;ell 
adapted to installati ons employing a single pusher propel- 
ler at the tail or trin propellers on the win^ driv* n 
through extension shafts. 

At the outset of the present investigation little in- 
formation was available in regard to the characteristics of 
inlet openings near the nose of a streamline boda<-. Previ- 
ous tests had usually been made without air flour into the 
openings, a condition never occurring in practice, and the 
results were therefore inconclusive* Little pressure- 
distribution or critical-speed data rere available, end it 
was not known whether any appreciable laminar boundary Layer 
could exist behind the inlet opening. The present inves- 
tigations were thus r.ade primarily to deal with an air;olane 
arrangement with a tail pror)o Her where some ^ain through 
lor-cra^ laminar boundary layers would not be precluded by 
the disturbance due tc a propeller at the nose. 

The principal purpose of this investigation was to 
determine the effect of carefully developed nose-inlet 
openings on the external dra? and on the critical compres- 
sibility speed of a streamline body of revolution for a 
wide rar.se of rates of air inlet. Pr e s sur e -di st ri but i on 
and boundary-layer data were obtained to aid in interpret- 
in? the dra? results and to hermit the estimation of the 
critical speeds. Eypie&l annular and tail-outlet openings 
were similarly investigated. In order tc avoid possible 
confusing interior once effect s , the inlet and the outlet 
openings were tested separately, with the internal air flow 
heir.s; supplied thror-^h srin^ ducts from a blower locate 1 
outside of the iriad tunnel. Representative combinations of 
the inlet and cutirt openings were then tested without the 
use of the blower. The effects on external dra^ of a pro- 
truding sun in the inlet opening and of various internal* 
duct arrangements near the nose were axso included in the 
investigation of the individual inlet openings. 

The external dra? cost of an inlet opening at the nose 
of a smooth streamline lody is en orally greater at low 
Reynolds mnocrs, when the opening ma:" disturb extensive 
low-dra r ; laminar "bound \ry layers , than at hi-;h~spoed flight 
Heynolds nam! or 3 , where the boun da ry-lay c r flow may be al- 
most wholly tu r oul ~nt . Although %t was impossible to at- 
tain full -scale conditions in this investigation, the 
boundary-layer flow condition cor responding to hi^h Reynolds 
numbers was simulated by artificially forcing transition to 



take place n?ar thr r.cso of tho models. -ho te§ts were 
made both with the natural-transition and the fixed- 
transit: on "boundary-*! ay er conditions i The results thus 
show the effect of the opor.in^3 at conditions correspond** 
in? to extremes of the Reynolds numher ran^e* 

APPARATUS A*.;D IvIETHODS 



Ire tent 3 were made in the i?A OA 8-foot hi sh— speed 
wind tunnel* Che tunnel ir of the closed-throat , circular- 
section, s i n sjl r e t tt'rfc typfe and is oapab 1 e of air speeds 
of over 500 miles per haur* Shis tunnel was chosen for 
the in ve sti Ration principally because of the lew turlm*- 
lence of the air stream, which permits the "boundarr-* layer 
flow conditions more nearly to approach those oh t aimed in 
free air than in st^ea^s of hi : ;h turbulence, hoot of the 
tests were run at lor speed f!40 miles per hour ) • 

txeanli.ne_ oc.d;/; . ~ Tho gt rear.line body (f i-;. 1, tahle 
I) is a slightly modified Version of fuselage ::r- ho. Ill 
of reference 5. Tho J :hichr e *s distribution ra 3 modified 
slightly to eliminate t fa ~ r.nf %vc ra bis pressure gradient 
occurring ahead of the 50-p?rc-nt station of the original 
111 form. This' no dificatr.cn -as ma do to encourage a acre 
extensive laminar boundary- layer. The fineness ratio of 
5 is representative of several curr'eht pur or.it -type fuselages 

Tho streamline "body was mounted in the " wind tunnel on 
a 24-inch-chord airfoil of h A SA 27-212 section, which com- 
pletely spanned the jot + Z) . The wing contained two 
large, duct? to permit air to he supplied to or drawn from 
the openings on the b^dy. The ratio of win-? chord a"; the 
"body to tho length of the body is within, the ran^e of cu r- 
rent practice, 

I^1.3.t..„op3iiin£s . - Fose-inlet openings of throe sizes 
were tested (fi^s. i and 3; ordinate s in tahle I ) • Tho 
largest ipenini; s nose A, w#s approximately the sise, rel- 
ative to the maximum cross section of the body, of average 
h'ACA co'jlin^ inlet openings. Hose 3 ha I one-half tho area 
of nose A, and nose 0, one-quarter the area of n o s e A, The 
profile shrpes of the noses were developed in a series of 
tests (not discussed in detail in this report) in which 
the nose lengths and profiles were progressively modified 
until the most satisfactory pre s sur e~di s t ri "but i on eharac- 
terictics were ohtained. The profiles all fall ri thin the 



5 



profile of the streamline "body. It will be noticed that 
the nose ordinate's* (table I) are ~iven only to the ouarter- 
lencfch station. Be-ord this point, rt reanline-codr ordi- 
fifttea apply. Several mo ii f i cat i ons of the straight duct 
(fi~. i) that was used in most of the nose-inlet tests 
rill "ce described later in the di sens sion of the results* 

§ Qu&l et Q-penia^g^ Outlet openings at the tail ar.d an- 

-ov nular cutlets located ahead of and behind the rir^ rcre 

& Investigated (fi^s. 1, 4, and 5). 'Tie tail-outlet profiles 

coincide rith the streamline body lines. Various tail- 
cutlet areas jere obtained by successively decreasing the 
length of the boc'y. The internal duct ^ar> of con ver %A>n% 
section zo represent typical practice in the design of 
outlet ooonln^a • 

The annular outlet openings were designed primarily 
to exhaust the air as nearly as possible ir. the stream 
direction. The areas r.ere selected from consideration of 
the quantity of rir recuired by a radial engine lar~e 
enough to occupy the maximum section of a fuselage. 

It should be noted that the outlet openings are not 
in any sense optimum shapes arrived at on the basis of ex- 
perinert as in -ohe ea~e of the inlet openings. Thev are 
merely tvpical of current design practice. 

3io ^e r_ r e^.-up . ~ Air flow in the tests of the individ- 
ual openings was c:uT)piied by a 5 r, -hor-epo v7er centrifugal 
blower mounted outside the wind tunnel on the floor of the 
test chamber (fi^s. 6 and 7). Freedom of the floating 
balance- structure- was maintained by a mercury oorl that 
connected the blower duct to the wia<5 duct leading to the 
model. The ?:r flow through the raercury seal was at ri^ht 
angles to the longitudinal 'dra^) axin of the wind tunnel 
so that the flow had no momentum in the dra^s direction, 
Preliminary tests were made throughout the ran^e cf blower 
speeds at zero air speed in the tunnel, with and without 
air inlet, to determine whether the pressures and flow at 
the mercury seal had any effect on the drag scale readings. 

The flow was metered by a venturi installed cn the 
balance ninf? between the mercury seal and the model a Sev- 
eral calibrations v;ere :..*de with the venturi in its oper- 
ating position by surveying tie flow in the duct with a 
rake of 25 total-head and seven static tubes. 



The flow in the system was controlled either by ro?u- 
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lating the blower speed or by adjusting a butterfly valve. 
The zero flow condition was obtained bjr closing a special 
airtight valve located near the end of the wlxLJg duct. Ut- 
most care was taken; to prevent leakage in the system. 

I &l e t— out 1 et combinati on s • — The combinations tested 
and the in t ernal -duct arrangement are shown in figure 1. 
The win^-duct openings within the body were faired over 
and sealed to prevent leakage • Flow regulation tog accoir- 
plished by Means of perforated plates of various conduct- 
ance installed as shown in figure ?. Stat i c-pres cure ori- 
fices were installed at two stations in the conver°;in^ 
section of the duct ahead of the outlet openings. The flow 
quantity was ceternined from the naviitude of the pressure 
drop between these stations accordin'; to a calibration ob- 
tained during the tests of the individual outlet openings 
with the blower- venturi ret-up. The total r>ressure and 
the static pressure at the outlet v/ero determined from 
this saiae calibration* In several cases, as a check on 
the calibration , the quantities were measured directly by 
means of a snail pi tot-static tube mounted in the outlet 
opening, 

ITo particular attor.pt was made to desirn an efficient 
internal-duet system because interest wa s cuntere d on the 
ext ernal drag and because the blower wa i more than adootuate 
tc over conn lar^e internal lossen. However, in the eon bi- 
nation tests with the duct open, that 3 <• , with no resist- 
ance plates inserted to restrict the flow , the internal 
losses were practically ne^ll ^ible owirs to the low duct 
v elocities. 

M£:^24^Q^„tiJi3S^ound( .^ly':L?X.A ISiJ Transi-. 
t ion i the tests designated rt wibh f i:red transit* on" was 
f i.-.3d artificially by Leans of a l/4-imcn v i de rin? of Ub« 
180 car b d run dun grains flued to the surface at the dcr.ired 
station. It was found necessary to fix transition on the 
wins at the 1 j-pcr cent station by the sane method in order 
tc make the dra 0 -; of the win? constant so that the effec- 
tive &ra*S ef the cod: - could be obtained accurately. 

Except for the strips of car borundu:n , the surfaces of 
the no del v. e r 3 made aero dynamically smooth, that is, fur- 
ther conditioning would result in no decrease in dra^. 

Statics re's suffe me* smr em eat . - Flus h orif t c c s , closely 
spaced near the nose and in the vicinity cf the openings, 
were installed al On? the top of the cod;'. Additional stat- 
ic pressures on the bottom and on the side cf the strean- 
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li ne body were obtained "by iogpxs of a snail nc vaole static 
tuhe 0 OJhe pressure tuMng was led through a channel In 
the wing to a multipl,e**tu"be alcoaol ranometer in the test 
charter. 

Boun dary- layer mea sur ement s # — The measurement of the 
P boundary-layer profiles used in determining the t ran si - 

A t ion point and in snowing the effect on skin friction of 

| air inlet was made with small survey unite com^ri^ed of a 

single static and foi-.r total-hpad tuheg. A discussion of 
the detail c of the nethod of determining the location of 
transition and a description of the small survey unit are 
£i Ten in reference 5. 

Ifake survey s > -« In order to ascertain whether the dra^- 
force measurement s were affected "by pcssiole variations in 
the wind-tunnel pressure gradient due to air inlet at the 
nose, momentum-less measurement s were made in the wake "be- 
hind the model with ncse B, Vertical total-head loss pro- 
files were ootained at 23 spaiiw: se stations behind the 
win^J and oody at several rates of air inlet, The effec- 
tive c.ra^ of the body xvas obtained "by subtracting from the 
total dra^ of the section surveyed, the drrs; of a corre- 
sponding section of the win$* 

T1ST3 



The dra^ and the pre s suro-di st rihut i on measurements 
were made Simultaneously, The transition determinations 
required a separate series of runs for each conf i^aration . 

Tests of the wing alone and of the wing with the 
streamline "body were carried to 450 miles per hour. The 
tests of the openings were made at one speed only, 140 
miles per hour. This speed was selected from considera- 
tions of tlie a/ailahie "blower performance and of the mag- 
nitude of the dra^ forces required for aderraate precision. 

The tests \:ere made at an an^le of attack of 0° (re- 
ferred to the axis of the streamline aody ) with the excep- 
tion of the runs with the %nn in the inlet opening of nose 
B, which were carried to 3.5 C . 

The wake survey s were r.adc only with nose 3. 
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SYMBOLS 

7 f ree-*st ream velocity 

p c free- :;t ream static pressure 

p 0 free— stream density 

o Lq free—stream dynamic pressure {•§ p v ; 

v nean velocity ill duct 

P local static pressure 

p density in duct 

Y ± initial velocity cf air passing through duct 

Y w hypothetical final velocity of air passing through 
duct based on total pressure at discharge 

A cro33-scctional area of inlet or outlet opening 

d diameter of inlet or outlet opening 

B maximum dianeter of streamline "body 

J' maximum cross-sectional area of streamline body 

L length, cf streamline body 

I distance "between end of streamline body and end 
of nose 

E maximum radius of streamline cod:' 

R fuselage Reynolds number (7L/V ) 

p kinematic viscosity 

P pre s sure coefficient [(p - ? 0 )/a c ] 

a velocity of sound in air 

K Each number (V/a) 

Q, volume of flow through duct . cubic feet per 
second 
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a nnylo of attack referred to center line of streamline 
bodv, decrees 

C-n cztorr.ol-c'.ra^ ccefvi clcr-t 

TP 

(Measured drag of modal) -(drag of wing alpnsH ggag dv.s to internal flow) 

c D yi calculate a dru? coefficient duo to internal air flow 
U velocity /n.f.t outside the "boundary layer 
u velocity in the "boundary layer 

x disgrace frc-n the nose o~~ the streaaline "body, alea? 
major axis 

x l distance from the -ore of the inlet openings, alon^ 
ma^'cr axis 

X length of nose measured r"rcm L/4 station 

y ordinate measured from center line of streamline 
b o dy 

y 1 nose-profile ordinate measured from the inlet -opening 
radius 

T value of y» at the L/4 station 

R3SSTJL3PS 

, ,? h * " et '" ci °* ©omputiaj? the velocity, the :.:ach aumher, 
and 6ae Reynolds number in the 8~f©ot high-speed tunnel Is 
descriced in reference 7. 

The drag data are presented in terms of the external- 
cra > coefficient plotted as a function of the inter- 

nal-flow quantity coefficient pC./p Q 77. 7he enternal- 
drag coefficient represents the effective external dra* *f 
the oo ay in the presence of the win?; the drag due to the 
internal flow was deducted from the measured effective 
body dra- in ail the tents. 
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The dra^ due to the internal flow arises from the 
change in the momentum of the flow in the drag direction. 
From the nomeri turn theory, 

Dra<5 force = mass flow x (Yj - 7 W ) 

where 7.- and VL are taken at the cane static pressure 
and in the same direction as the air stroanu 

For the inlet-opening tests, 

Y ± = V, and \\ ; = 0 



hecav.se the air was brought to 
The drawee off i ci ent increment 
therefore i s 



rest in the dra-: direction, 
due to the internal flow 



0. (in le t) = £1-1 = a Cp. ,) 



Per the out let -opening t ec;t s : the air exhausted through 
the outlets had no initial velocity ir: the dra*; direction, 
that is, 7* = 0. The velocity at the exit openin 5 v e 
ras necessarily measux ed --here the static pressure P e 

was generally different fron the stream static pres sure . 
Therefore the final outlet velocity attained at rone dis- 
tance behind the model raore the pressure had returned to 
the free-stream static pressure p Q ras computed by Bor- 

noul li 1 s theo rem 



2 C P „ - 
1 2 + 

L 6 Po 



. ,1/3 



and 



C-n (outlet ) - - ~~ ! r 



or 2 : /b 

C (outlet) - - 2 vT-yTV ! + ~~ I 

J Fi Po *° 



For the tests in ivhich inlet-outlet ccrhinat ions were 
invest i sated , 



1 1 



Cjj • (combination' = 0 D ^ m (inlot) + 0 D (outlet) 
1 Pi r^i 

when co 



Oj) ( combinat: on ) 



(Pc " Pp) 



1/2 



J 



or, in terras of the nean t c tal-TDre s otiro Iocs in the duct. 
AH, 



'Ji 



( com'bir.at i or. } 



1/2' 



It v;iil "do observed from these equations that the 
lar^c internal dra£ in the inlet tests and the thrust in 
the outlet feasts are balanced in the combination tests, 
so that or.lv a relatively small internal dra^ due to total- 
pressure losses til the duct occurs. 

The internal flaw quantity coefficient pQ,/p 0 ?V is 
the ratio cf the mass f loir through the internal ducts to 
the mass flow at stream re lo city through the area I s , the 
maximum crc s s~ s o ct i onr.l area of the body. The significance 
of this parameter may become more blear if the densities 
are assumed equal, in which case pQ/p Q ?7 a Tjt/Y; that is, 

the parameter is approximately e^ual to the ratio of the 
mean velocity through the maximum section to the stream 
velocity. If, as has been proposed, the ma::imum section 
F were occupied by a radial engine, then a definite value 
of Tji/V based on the known air requirements of the en- 
gine can be computed for the design speed cf the airplane. 
The characteristics of the various openings tested are 
shown for values of pOjp Q 7Y rar.^in-'; from 0 zo consider- 
ably beyond the values required for modern raai.nl engines 
at present-day hi ^h speeds* 

The pressure-distribution results obtained in the 
tests of the individual inlet and outlet openings are pre- 
sented for r, number of values of the ratio of mean veloc- 
ity in the opening to stream velocity v/V. This parameter 
determines the local an^le of attack at the inlet nose lip 
and hence governs the pressure distribution over a ^iven 
nose shape. 



The characteristics of the streamline body are shown 
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in figures 8 to 11. Lo^spcod pressure-distribution data 
aro iron in figure 8, and the variation with Mach number 
of the peak pressures (?J ax ) on top of the body for the 
wing-body combination is piresont cd in figure 9 with ex- 
trapolations to shew the critical Mach number of the com- 
bination and of the body alone. The variation with Mach 
number of the critical pressure Coefficient ? C r j 
pressure coefficient corresponding to the local attainment 
of sonic velocity, is also shown in figure 9. Figure 10 
shows the results of the transition measurements, and in 
figure 11 the force-test r|e§ults, for Reynolds numbers 
ranging frcra 4,000,000 to 20,000 ,000, and the correspond- 
in-? H values of 0.10 to 0.5 0 are ^iven. 

•Ihe results of the tests of the inlet openings with 
the inlet air exhausting through the external-blower sys- 
tem are presented in figures 12 to 21. Figure 10 shows 
the pressure distributions about the three inlet openings 
for various values of v/Y (rat:, o of mean inlet velocity 
to stream Telocity) compared with the streamline body dis- 
tribution, Only the forward quarter of the body is repre- 
sented because the pressures over the remainder of the 
body were essentially unaffected by the inlet openings. 
In figure 13 the pressure distributions on the bodies with 
noses A, 3, and 0 and on the streamline body are compared 
at the condition of :erc in? et flow and it a flow coeffi- 
cient of 0.057, a practicable hi gr- speed value. The inlet 
velocity ratios cc rr expending to this flow coefficient are 
approximately 0.20, 6,40, and 0.80, respectively, for 
noses k, 3, and C 9 

The drag and the transition res-alts obtained are cor- 
related in figure 14. Figure 15 shows the drag-force data 
obtained with transition artificial!- fix^d near the lead- 
ing odgo of the noses as c cap a rod with that of the stream— 
lino body with transition fixed at corresponding locations 
The dra^ obtained from the wake surveys is also plotted on 
figure 15. 

In the correlation of the pressure distribution and 
the transition data, it was found that for values, of A? 
(fig. 16) greater than approximately 0.2, transition 
14) occurred at the location of the pressure peak* For 
lower values of L? (higher rates of air inlet), extern-, 
sive laminar boundary layers existed in spite of the pres- 
sure peak. 
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The effect c f air inflow (nose l| on the ocundar^- 
la~ r er velocity profiles at two stations or. the body is 
shown in figure 17, 

In "i ;urc 18 the changes in pressure distribution rc- 
s lilting from modifications of the lip shape of nose inlet 
B-4 (oni of the intermediate shapes tested in developing 
nose B) are given. The force-test result S obtained with 
these modifications showed that sha'oes (a) and (h) caused 
ver- r slight increases in external dra^ ; the cut-out, (c), 
had no effect on the drai*. Major changes in the internal 
duct employed with nose 0 (fi*5, 19) had no measurable ef- 
fects on either the external pressure distribution or the 
external dra*? 0 

JOjSjLiSIH^^ _a r j§ i t r a rg inlet- duc t sizes. - 

In order to make p o s si hie the derivation of optimum nose 
profiles for inlet —opening sizes other than those investi- 
gated, the three nose profiles tested were reduced to the 
same length (measured from the L/4 station of the stream- 
line "body) and the same depth. The ordinate* thus obtained 
are si ven in table II ant plotted in figure 20. The marked 
similarity of the profiles plotted in this way surest od 
that optimum nose shapes for intermediate inlet— opening 
sizes on the streamline body could he obtained cither by 
interpolation or hy the use of the mean of the three pro- 
files of figure 20, The optimum nose length as a function 
of the inlet-op :nin^ diameter is ^'iven in fi^um 21. The 
actual no s e — p r o f 1.1 e ordina + es for a $i ven inlet diameter 
are related to the aon di m en s i o nal ordinates of figure 20 
and tahle II, as follows: 




o r 




where 



o bt ained 



21 . 



Simi la 



(7*\ 

I *: 1 




V 



where 




or 



dinate of the streamline ho dy at the 
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quart cr-lor-^th station, if desired , the nose ordi nates ro 

f erred to the end' and center line of the streamline body 

(as in table l) may be obtained iron the relations: 

~ -I- -r and - ~ + ~ 



o r 



ana 



Is / -J 



(~) (0.30 - jj ♦ j 



The results obtained in the tests of the outlet open- 
i with air supplied by the blower arc shown in figures 
2?. to 25. Figures 22 ana' 23 show the pressure and force- 
test results for outlets at the tail • transition measure- 
ments with the largest tail outlet showed that transition 
o c cur r e d e t t h e s am r g t ati Q n a s o n t h e s t ro air. lino b o d ; r 
(fig t 10). The pressure distribution obtained with the 
two annular outlets is shown in f i -?ure 24. Force-test re- 
sults for the 63 -p e r c e n t a n n 1 1 a r o ut let ar e ^ i ve n i n f i ?. - 
ure 25 o Transition measurements with the 21-percent annu- 
lar cutlet showed that transition occurred at the outlet 
for all rates of flow* The 6 "-percent annular outlet was 
about 0.14 L behind the most rearward position of fche t ran 
sition point but appeared to have a slight influence on 
the transition location, di splacin^; it somewhat toward the 
tail as the flow rate was increased. 

Figure 26 shows a sketch of the probable outlet flow 
conditions with tail outlet D and with a su ; ; ;octoi im— 
proved form of tail otitlet „ 

Before the results of the inlet -outlet conbinat ion 
tests arc presented, figure 27 is ••ivou in order t o show 
the relatively snail internal drag occurring in the combi- 
nation tests. At hi*jh flow rotes, where no internal re- 
sistance plate was required, this internal dra^ approached 
zero while in the individual opening tests the internal 
drag was several tir.es the external dra^ of the body. The 
external dra^ determinations in tho combination tests were 
consequently Hioxe reliable than in the tests of the single 
openings « 



Figures £8 to 32 show the dras; results obtained for 
the combinations of inlets with three tail outlets. Fig- 
ure 33 compares the drag of the 53-percont anrmlar outlet 
with that of tail outlet 0 when teste! in combination with 
nose Bo 

The pressure-distri but ion results obtained with the 
combinations are not shown because no consi stent measur- 
able interference effects occurred; that is, the outlets 
had no appreciable effects on the pressures at the inlets 
and yice versa. Similarly, the transition locations on 
the combinations were the same as in the tests of the in- 
let openings alone. 

In figure 34 the dras of the noee 3 and tail 0 combi- 
nation is compared with an estimate of the dra^ based on 
the tests of the single openings. The drag increments 
(above the streamline- body draO duo to nose 3 and tail 0 
were aided to the streamline-body dra*5 in making the esti- 
mat e . 

The r.ain Increase in dra*; due to the guns (table III) 
occurred at angles of attack other than zero as a result 
of partial separation of the external flow at the top of 
the nose as evidenced by the pressure-di st ribution plots 
(lis'. 35 ) . Increasing the rate of air inlet had a benefi- 
cial effect in reducing or preventing this separation. 
The smooth-barrel cannon had considerably less dra^ than 
the machine ?un (sketched in fi§« 35 )• Decreases in the 
length of the barrel extending beyond the nose resulted 
in appreciable dra? reductions. It has been found that 
the dm* of a smooth-barrel ejun was considerably reduced 
by replacing the sharp ed^c at the muzzle of the ?un with 
a rounded ed-To of small radius. It is considered likely 
that the unfavorable effects of the %uns would be some- 
what less in the hi-;h Reynolds number (fixed transition) 
condition, than shown in table III, because no dra^ wculd 
result from disturbance of the laminar flow. 
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The accuracy of the body-dra 0 ; determinations was some- 
what impaired by the hi^h dra<5 of the wing with fixed. tran- 
sition relative to the body dra^, the effective body dra^ 
varying from about 0.5 to 6.3 of the win 3 dra^o In' the 
tests of the individual openings, additional- sources of er- 
ror were the leakage of air in the external ducts and pos- 



16 



siole chr.n^es in the t un n e 1 - p ressure gradient due to the 
rcr.oval or the addition of air to the tunnel stream. The 
rorults obtained with the inlet-outlet combinations, how- 
ever, are believed free of these two sources of inaccuracy 
"because no air was added or removed from the tunnel and no 
leakage was likely due to the absence of all external duct- 
in^, A buoyancy correction of about 10 percent of the ef- 
fective body dras was applied to all of the force-test 
result s o 

'The wahe measurement s are more nearly free of these 
sources of error that affect the force tests. Evaluation 
of the possible magnitude of the dr^T^test errors will be 
made in the discussion of the results. 

The precision of measurement of the rate of internal 
air flow is considered to be of a hi %h enough order so 
that the external dra^ determinations are practically un- 
affected by the small error in obtaining the internal dra^, 
except possibly in the case of the individual opening tests 
at the highest rates of air flow. Calibrations of the ven- 
turi during the tests showed excellent agreement, 

The only significant sources of error in the pressure 
data are due tc the inaccuracy of flow p.easurenent and the 
tunnel-wall effects. The maximum possible change in the 
pre^si^re coefficients due to the tunnel-wall effects was 
computed to bo only about 3 percent. Possible errors in 
flow measurement could cause measurable changes in pressure 
coefficients only at the lowest inlet velocity ratios. 



DISCUS SI 0*7 
Streamline Pod^ 

iLM su r e_ di s t r i bu t i p n „ an d_ t r an s i ti on . - The presence 
of the wing had a pronounced effect on the pressure dis- 
tribution over the "body (fi?. 8). The local velocities 
over the central portion were increased and the peah- 
pressure point was moved forward. At low Reynolds numbers 
the disturbances due to the win>^ controlled the location 
of transition on the body. (See sketch accompanying fi-^. 
10.) There was a rapid forward movement of the transition 
point with Reynolds number so that at the highest test 
Reynolds number transition occurred con si deraoly ahead 
of the leading ed^e of the wing (fi^. 10), If a similar 
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forward movement of transition with Reynolds number should 
occur under flight conditions, the extent of laminar flow 
ootamable at full-scale Reynolds number would be slight. 

^ .5 r i t i cal._ IE e e d . - The variation with the Mach number 
of the peak-pressure coefficient on top of the bodv (fig, 
f *J*** - found to a ' ree well with the theoretical variation 

.1 (obtained from reference 8). Extrapolations of the low- 

speed, peak-negative pressure coefficients to the critical 
pressure coefficient (at which the speed of sound is at- 
tained locally) were made according to the theory. The 
critical Mach number of the streamline body alone was "thus 
found to be 0.84 (fig. 9), which corresponds to 500 miles 
per hour at 20,000 feet (-12° j) | B standard air. The' 
critical speed of a wing-body combination is considerably 
less than that of either component, owin- to the increase 
in peak-negatiye pressures on the win* due to the presence 
or the body. (See reference 8.) 

JJ^ective„ho_d 2 _dras.- Figure 11 shows the large dif- 
ferences in drag at low Reynolds numbers between the 'ixed 
and the natural transition conditions. Calculations based 
on iiat-plate skin-friction coefficients showed that those 
ctiiierencos are wholly accounted for by the changes in skin 
miction on the body. The difference decreases with in- 
creasing Rcvnolds number due to the forward movement of the 
transition point (fig, 10 ) . The rise in the drag coeffi- 
cient at the high Mach numbers is indicative of the ap- 
proaching critical speed of the wing-body combination* (es- 
Ul ' atca M cr = 0.66). Comparison of the magnitude 0 f the 
low-speed drag coefficients with the results obtained in 
reference 5 for the MA C A 111 form indicated that the flow 
over the body was satisfactory. Tuft surveys corroborated 
this conclusion. It was found, however, that the addition 
os tne body to the wing caused a local separation of the 
flew at the trailing edge of the win-. The effective drag 
oi the oo dy was therefore somewhat highor than it would 
nave been had a more efficient win--body juncture been em- 
ployed. 



I'Tose-Inlet Openings 

. , 5 1 r i but ion . - The nose-inlet shapes employed 

in this investigation were developed in a series of tests 

If* n ° Se 3ha?0 and the len< 5^ a -iven inlet 

slse wore progressively modified to obtain the most satis- 
xactory drag and pressure-distribution characteristics. It 
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was found that by taking air into the body at sufficient- 
ly hi?h velocities, the hi^h ne«jati vo-prcr sure peak which 
occurred over the noses at low flows could be greatly > re- 
duced in magnitude; for the smaller iule.t sizes , the peak 
could he entirely eliminated, Tnis result has the oovi- 
ous "beneficial effect of ^ Neatly increasing the critical 
compr e s si bili ty speed which, as in the case of NACA cov/l- 
in-s installations (^ef erotic e ?.) . is ^e^arally fixed by 
the magnitude of the p eak~£ e % at i ve pressures at the nose. 
In addition, it was found ihat laminar boundary layers 
a.s ^extensive as the ones rich the v; re an lino nose could oo 
ob'tainod, ffi&e design objectives th.r. ur;oc. at in do vol- 
o pi n % nosec 3 and 0, were 5 to eliminate the pressure -peak 
at as low an ir.let-rcl oci ty ratio as possible and to ob- 
tain a uniform favorable pressure ?radi ont sirilar to that 
of the streamline body 1 . Figures 12(b) and (c) show that 
the desired result 13 were achieved when the inlet-velocity 
ratios reached or exceeded 0«S or 0.2 for noses 3 and 0 , 
respectively.. Extensive lanin&r boundary lasers (fi^* 14) 
were forced even before the peak was fully eliminated, 
with values of A? (fis>. 16) as hi oh as 0.2, 

For the largest inlet opening, •nose A, it was irpos- 
sible entirely to eliminate the pressure peak, even with 
imprSciicially hi^h retes of air inlet (fig. 12(a)). The 
peak was greatly reduced at practical inlet velocities but " 
little advantage due to laminar flow was attainable (fis. 

1*1 o 

Comparison of the pressure distribution of a stream- 
line body with those for the three noses is made in fig- 
ure 13 at a value of the flow coefficient corresponding 
to hi^h-speel flight conditions and at zero flow. 

UdSSJLJil^J jL§ • ~ht critical Mach number correspond- 
ia*5 to the pressure peak on the largest inlet opening, 
n °'^ e A \J lt a P***t*oal rate of air inlet 13), is 

0,34. \7ith tie smaller inlets, noses 3 and 0. no pressure 
peak occurred, and the indicated local velocity increments 
wore so small that the critical speed of a fuselage em- 
ploying these shapes would be determined by the eoclcoit 
enclosure cr the win^ -f uscl - • e juncture; that is, the high- 
est local velocity would occur at some point other than on 
t h e n o s o , 

I:££j&£fi&i_M'M S 1 ! ;ure Id- shows that the abrupt de- » 
creases in ext e i nal-dra^ coefficient of noses 3 and C at 
low rates of flow occurred as a consequence of the forma- 
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tion of extensive lov/-dra^ lar.'inar boundary lasers. IMs 
phenomenon did not occur with ncso A "because, as previ- 
ously discussed, the unfavorable pressure distribution: 
near the nose precluded the possibility of appreciable 
laminar flow* It will be noticed, however, that the dra^ 
of nose A showed a general decrease with increasing flow 
coefficient as did the drags of noses B and 0 after the 
laminar "boundary layers hr. d been formed* Similar decreas- 
es occurred with transition fixed (fi^. 15). 

In order to shed some light on the cause of the de- 
crease in drag with increasing air- inlet velocity, partial 
boundary-layer velocity profiles were measured at two sta- 
tions, 0.151 and 0*351,, behind nose E with fixed transi- 
tion, for a wile raii^c of inlet-flow ratioso She results 
(figt 1?) showed a decrease in the thickness of the turbu- 
lent boundary layer as the rate of air-inlet velocity was 
increased in spite of slight decreases in the velocity 
outside of the boundary layer. Two conclusions may be 
drawn from this result: 

(l) The losses over the forward part of the nose 
are decreased as air inlet is increased, 

(?) The shin friction over the main part of the body 
(to the rear of the 0*151 station) should in- 
crease slightly with air inlet. 

Jrom the dra? results (f is, 15), it is evident that 
the decrease in losses at the ncse more than compensates 
for the slight increases in skin f ri ct i on: behind"" t he nose 
because an over-all decrease in external dra^ with air in- 
let occurs. 

In regard to the magnitude of the external dra^ with 
air inlet, figure 14 shows that tho external dra^ with 
noses E and G was reduced to less than that of the stream- 
lino body* For the fixed transition condition, the dra^ of 
these noses was approximately the same as for the stream- 
line body, With nose A in both cases, the dra^ was consid- 
erably higher. Tests of the three noses in combination 
with tail outlet C (fi?, ?2) shewed about the same rela- 
tive dra^ characteristics as the tests of the single open- 
ings. The fact that the external dra-°> with the openings 
decreased to that of the streamline body may be accounted 
for by the fact that the wetted area with the openings is 
somewhat less than for the streamline body. In addition, 
tne passage of air through the internal system has an ef~ 
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feet on the external flow similar to a dccrcanc in the ef- 
fective thickness of the body • 

The wako~sur voj- results (fi c ; 0 15) shew that the r^tc- 
of-c.ra^ decrease with a:l r - i nl e t -flow coefficient was ac- 
tually somewhat less than indicated "by the force-tost re- 
sults. She exaggerated effect shown "by the force data is 
believed due to leakage and possible changes in the tunnel- 
pressure gradient as air wa s rcnoved at the no re of the 
body'. Maximum leakage would occur where the pressure in 
the duct System was the greatest avid nay account for part 
of the maximum digeyepahey (7 percent) between force and 
wake drass occurring at sero flow, where stagnation pres- 
sure existed in the ducts. At a flow coefficient of about 
0 o 1 1 , the bean duct pressures, and hence leakage, reached 
a minimum; at this point the force and wake data :v;rce 
closely. At least for the ran^e of flow covered in figure 
15, leakage effects apparently predominated over possible 
changes in the buoyancy effect in exag ;ci\at ing the rate of 
dra-^ decrease with air inlet. 

Isl^irfiESaiSS^fiijLS • Ik® size of the inlet opening in 
an actual installation should be governed by considera- 
tions of both the external and internal flow. In a con- 
sideration of the external dra-'-; , it has been shown that 
nose B, although tvrice as large in area as nose 0, was 
equally effective, so that either nose might be employed, 
depending en the quantity of air flow required. It has 
also been shown that the opening must be designed for an 
inlet-velocity ratio of at least D.3 in order to permit 
the nose-pressure peak to be eliminated. Either inlet ve- 
locities would be of some benefit externally. 

High inlet-velocity ratios are detrimental to the 
internals-duct efficiency because they necessitate lar^e 
expansions and make the friction and bend losses hi% % h. It 
is suggest&d in reference 9 that low inlet velocities may 
have an additional advantage to the internal flow in that 
comparatively large expansions can be made efficiently 
near the inlet owing to the natural spreading of the 
streamlines at this point. 

The final comprorise between the conflicting reraiire- 
ments of the internal and the external flows will depend 
on the internal arrangement and the space available for 
ducting. In general , it is believed that efficient instal- 
lations incorporating nose B or 0, should have inlet- 
velocity ratios in the range of 0*3 tc 0.6c 



rerivation„gf _opt inun.no se„prof iles^gr^arl)! t rarv 
l^let-ovonin* sig6s> if i^ A _2 0...and_2li • - The method de- 
scribed under RESULl'S for obtaining suitable nose-inlet 
shapes for i allot sises other than those tested, is obvi- 
ously strictl:^ applicable only to openings on the modified 
111 body form. It is possible, ho.v/ever, that the shapes 
obtained by this method could be applied with ^ood results 
where only the basic fore body profile wag similar to the 
111 body fori. In such cases the value of X r-nd Y 
used in obtainir^ the actual nose ordinates would be some- 
what arbitrary, and care must bo exercised to avoid 
11 st ret chin-^ 11 the profiles beyond approximate geometric 
similarity to openings of corresponding sise on the 111 
body. Of course, wherever possible, it would be prefer- 
able to use the nose 3 or C profiles directly from the or- 
dinates of table I 5 with the specified profile for at least 
cne-quartor of the fuselage length bcin^ maintained. 

ir.ternnl r du c t _ ^St^B^fuJ^lllU^SaiS^ • ** - he modifi - 
cations of figure 19 consisted of a conical expansion with 
a 10? included an^le, a lar-^e irregular expansion, formed . 
by the cut-ort for the inner cowl, and a gradual (4 equiv- 
alent ccne) annular expansion obtained with the inner cowl* 
None of the&o changes had a. measurable effect on either 
the external era'?; or the pressure di st ribution . Modifica- 
tion (c) of figure 13 likewise had no effects. Modif ica- 
tions (a) and (b) of figure 18, however, caused slight 
dre^s increases and disturbed &ha external pressures at the 
nose, These latter modifications are equivalent to infe- 
rior nose shapes corresponding to smaller inlet sizes than 
the basic nose 3 inlet. It will be observed that the 
int ernai-duet shapes included both satisfactory and very 
inefficient designs and that neither had any external ef- 
fects, provided the sisc of the inlet was not altered. 

The desirable characteristics cf noses 3 and C prob- 
ably could *not be realised if a propeller were located in 
front of the opening because the presence of the hub or 
spinner would alter the pressure distribution over the noses# 
Location of a tractor propeller s.ome distance behind the 
inlet opening appears to offer some possibilities although 
the laminar flow ^ains would be limited, 

An^le^pf^at tack,- The effect of increase in an^le of 
attack from 0^ to~3#5° on the pressure distribution over 
the top of nose 3 can be seen in figure 35. A considera- 
bly higher air-inlet-velocity ratio is required to reduce 
the pressure peak at an 3 lie of attack than at 0° an^le 



22 



of attack. In flight, the Inlet-velocity ratio would au- 
tomatically increase with an^lc-of -at tack increases owin^ 
to decreases in the flight speed, if the engine power wore 
assumed constant. Force-test data obtained with fixed 
transition on a fuselage model employing nose C (to be 
published) showed that the external dra$ < at an inlet- 
velocity ratio of 0.55, was practically constant over the 
an-^ie-of -at tack ran^e of 0° to 3.5°. Ho data are avail- 
able on the characteristics of the noses at higher angles 
of attack. 

Outlet Openings 

The outlet openings tested were not optimum shapes 
arrived at by a series of tests, as were the inlet open- 
ings. As previously stated, they merely represented typ- 
ical practice in the design and the construction of out- 
lets. It became apparent during the course of the tests 
that the openings had several undesirable characteristics, 
but it was not feasible at the time to extend the inves- 
tigation to include modifications. Further research em- 
bracing the improvements that surest ed themselves in the 
course of this investigation is desirable. 

^Z^^sure^di ot ributi on.- The effect on the pressure 
distribution of air flow from the outlets was generally 
unfavorable. In the case of the annular outlets (fi«J« 24) 
a negative-pressure peak occurred at the higher flow rates, 
owin^ to an effective thickening of the body due to the 
flow of exhaust air in the rear of the openings. In some 
cases the peak was sufficiently hi^h to fix the critical 
speed of the body. The pressure disturbance at the 21- 
percent outlet precipitated boundary-lay er transition at 
all outlet velocities. 

The static pressure at the tail outlets (fi^, 22) be- 
came more positive as the flow was increased. This effect 
was due to the fact that the streamlines of both the in- 
ternal and the external flows were conver^in^ at the open- 
in^ s resulting in considerable contraction of the flow in 
the rear of the outlet . Thus, about one-third of the to- 
tal pressure (measured from P 0 ) at the tail otitlets was 
in the form of static pressure which, of course, increased 
as the flow ratio was advanced. The static pressure in 
the internal flow at the outlet tended to be considerably 
more positive than that of the external flow near the tail 
outlet* The hi^h outlet pressures are believed to have 
caused local separation of the external flow near the tail 
out let s • 
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Externa,! draffs The external drag with the 6$*>per<Sent 
annular outlet (fi?. 25) at first decreased as the flow 
rate was advanced "because of the elimination of the dead 
air^in the wake of the opening and then it increased 
rapidly, prooaoly because of the increasing skin friction 
over the part of the "body in the wake of the outlet. 

Similar dra^ characteristics were exhibited the 
tail outlets wherever velocity ratios v/7, up to 0.5 or 
greater, could he attained, as in the case of tails D and 
I tested singly (ft*. 23) ana tails 3, C, and E tested in 
combination with the nose inlets £?i«5s. 28 to SI ) . The 
rise in irafl; a* the higher flow rates in the combination 
tests is shown ccnclusi vely in figure 30 to be due to the. 
tail outlets. When compared on the oasis of tail-outlet- 
velocity ratio (fi<5. 30) instead of flow coefficient (fi^ t 
29(a)), the dra<5 obtained with three outlets of widely 
different t'ize shows close agreement. The dra^ increase 
at the higher tail-outlet-velocity ratios is "believed to 
he due to local separation of the external flow as a re- 
sult of the hi£h outlet pressures. 

The tail outlets were superior to the annular out- 
lets. A comparison of tail 0 with the 6o-percent annular 
outlet, in comhiratior. with nose B (fi^. 33) shows that in 
spite cf a somewhat larger area the tail outlet had the 
lower dras throughout the raii?e , particularly at the 
higher outlet velocities. As would "be expected, the com- 
parison was independent of the location of "boundary-layer 
transition he cause neither opening had any appreciable 
effect on the transition location. 

O^tLet.ro The outlet velocity is not 

arbitrary as is the inlet velocity hut is fixed oy the 
internal total-pressure losses and the pressure drop across 
the system. From the standpoint of the' internal dra^, it 
is desirahle to have the outlet total pressure as nearly 
equal to the free-stream total pressure as possihle so 
that a minimum amount of energy will he left in the wake. 
In well-designed systems, the internal t o tal-pre s sure 
losses are onlv a few percent of the free-stream total 
pressure. at hi*jh speeds. Under these conditions, the ideal 
outlet total pressure is approached and the internal dra^ 
is small. The relation between internal total-pressure 
loss and the internal dra r ; was shewn under RESULTS* The 
cutlet velocity at a -iven flight speed is readily calcu- 
lable from estimates of the total-pressure losses"' and the 
pressure drop across the system, A contraction or an cri- 



fice coefficient ( dependent on the cutlet chape) should be 
applied to the velocity as computed from the pressure char- 
acteristics* T7ith the tail outlets tested, for example, 
the velocity at the outlet was about 0.8 of the final ve- 
locity,* For the annular outlets, the coefficient was rough- 
ly 0.9, Plavins thus obtained the velocity at the outlet, 
the size of the opening will depend on the renuirer' Quan- 
tity of air flow. 

The economy of passing exactly the required amount of 
coolin- air through the internal system at all flight 
speeds, is generally appreciated. Variation in the size of 
the exit opening is the most efficient method of control- 
ling the rate of flow. 

The shape of the opening is not critical as far as the 
internal flow is concerned, provided there are no expan- 
sions. Tut the present teste have indicated that the ex- 
ternal flow nay be adversely affected if the static pres- 
sures are different from those of the nain stream near the 
outlet. The shape of bhe opening therefore, should per- 
mit the internal air to exhaust at the aaiae static pros- 
sure as exists in the external flow near the opening. A 
su^estod optimum tail-outlet shape is sketched in figure 
26, and the flow characteristics are compared with those 
e:cisti-; at one of the cutlets tested for the idea? outlet 
condition of frea-rtroar.: total pressure in .he o Taenia*, 
The desired conditions at the outlet are obtcinod ir t v c 
proposer operin? by eliminating the extraction of the out- 
^ -~ ov/ - — :e iesired outlet conditions car to «it tailed 
at any outlet location by mahin- the streamline of both 
internal and external flows parallel. 

The optimum shape for an annular- out let opening is 
not as obvious as in the ease of the tail cutlets. It is 
evident from figure 24, hotjever, that the body fairing im- 
mediately "behind the outlet should he altered to reduce 
tho thic":ress of the tody and thus to relievo the thick- 
enin^ effect of the outlet flow* Furthor research is rec- 
ommended to dot ermine in detail the shapes required to 
>ivo "the minlnuic disturbance to the static-pressure dis- 
tribution. Outlet total pressures in the significant 
ran ;c , from about 75 to 100 percent of stream total pres- 
sure, would he of principal importance in such an investi- 
gation. 
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In regard to the relative merits of the annular and 
the tail cutlets for efficient internal systems v it is 
probable that the optimum tail cutlet will be superior to 
the "best possiule annular outlet because the hisjh-veloci ty 
flow from the annular openings will generally increase the 

o " skir. friction of the portion of the body in the wake of 

P the outlet. 

J, 

I n 1 e t - Ou 1 1 e t Combinations 

The combination tests (fi*;s. 28 and 34) are of prin- 
cipal interest in showing that the external dra<e; of the 
tf&dy with suitable inlet and outlet openings of practica- 
ble size ras no higher than that of the basic streamline 
form. This result was obtained at rates of internal air 
flow sufficient for cooling a radial engine located at the 
maximum fusola^e section at moderate to hi^h-speed flight 
condi tions . 

The variation of the rate of internal flow in the 
combination tests was accomplished by neans of varying 
the internal resistance. At the condition of naxinum flow 
attainable with a ^iven outlet sise, the internal losses 
were very snail and consequently the outlet conditions 
closely approached the ideal. The outlet velocities over 
approximately the higher 25 percent of the flov: ran^e cov- 
ered^ with each outlet correspond to probable hi^h-speed 
flight outleb conditions; at lorer flo*7 rates the internal- 
resistance losses v/ere con si der a bly higher than would be 
encountered in present practice. The actual magnitude of 
the internal dra^ throughout the flow ran^e covered with 
tail C is shown in figure 27. 

The rise in clra^ at the higher flov; rates has been 
shorn to be due to the unfavorable outlet conditions at 
the higher outlet velocities (f i*?. ?D)* It is believed 
that by improving the outlet design as su ? Seoted in figure 
2 - 5 *ke rise in d;ae at the high outlet velocities would 
be eliminated. 

It rill be oo: erred that, the drag obtained for the 
bent combinations with fixed transition v,as, in general, 
slightly greater than for the streamline body with transi- 
tion fixed at the same station. The difference may be 
entirely accounted io\- by the higher ira^ ef the carborun- 
dum strip itself when located at the nose of the inlet 
openings, than when located in the thicker boundary layer 
on the streamline "body. In addition, it should be remem- 
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berctf that the stations selected for fixing the transition 
on the streamline body are entirely arbitrary. Under ac- 
tual flight conditions, transition on the streamline body 
fcifht occur somewhat ahead of the corresponding station on 
the noses, owin?' to the greater length of the streamline 
body.^ Itx this case, the dra- of the streamline would bo 
relatively higher than in the present comparisons. 

The dra; of the inlet openings in the presence of the 
outlets, and vice Tersa, was consi dera bly loss than it was 
when the openia^s were tested individually. (See fis;. 34«) 
A part of this effect, particularly at low rates of inter- 
nal flow, may he due to leakage in the individual tests, 
as has previous!^ been pointed out. Another contributing 
factor of secondary importance ma:' be the difference in 
the methods of restricting the internal flow; that is, the 
resistance plates inserted near the inlet opening in the 
combination tests (f i<?, 2) ma.v have had some small tendency 
to affect the external flow. In general, however, it is 
reasonable to expect that the openings, in combination, 
would contribute less ira? than when tested individually. 

Qomparis^^ The results of refer- 

ence 1 provide a fair oasis for comparison of the inlet- 
outlet combinations with the FACA cowling. In the inves- 
tigation cited the best It A OA cowling shape of reference 2 
was adapted in a typical fuselage installation to the 1TACA 
111 fuselage form. This basic streamline shape was almost 
identical with the body employed in the present tests, and 
tne effective body-dra^ coefficients with natural and fixed 
transition, 0.040 and 0.055, respectively, were practically 
equal to the corresponding ira^ coefficients, 0*042 ana 
0.054, obtained in this investigation. The flow and the 
boundary-layer conditions on the basic shades employed were 
evidently quite similar. The dra-s of the cowling with 
fixed and natural transition as ?iven in reference 1, with 
cooling air flow, were reduced about 5 uercent to obtain 
the external dra$ necessary tc the comparison. The results, 
taken at the same Mach number and at very nearly the same 
Reynolds number as in the present tests/ are shown on each 
of the figures ^ivin- the results of the combination tests 
(fi-s. 28, 29, and Si) with the tail outlets. 

i'he combinations tested were aero dynamically superior 
to the i:ACA cowling, particularly in the natural' transit 
tion condition, where the inlets 3 and C permit extensive 
laminar flow. 
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The NAOA cowlin? shape employed in the tests of ref- 
erence 1 was developed (reference 2 ) to have the highest 
critical speed. M cr = 0,63, of eisht typical cowl in? 

shapes of the sane over-all dimensions • The critical 
speec 1 of the "body alone with, the lar^e^t of the present 
inlets, nose A, was' Mgj* = 0.64 at a practical rate of 

| air inlet (fir;. 13). With the smaller inlets the critical 

CN speec! was advanced tc M cr = 0*84, the critical speed of 

A the "basic 111 fuselage shape. 

GONGLUo I Ci-T 3 



1, Uo di fl ca t i on of a streamline body pernio tins; air 
inlet at the rose and outlet at the tail can be accom- 
plished without increasing the external drag , Thus the 
total dra^; .cost of a power-plant installation in such a 
body should oe calcula'olo fron consideration of the inter- 
nal §yst#a» 

2 , With practicable rater of air flew through suita- 
bly shaped. nose-inlet openings , the local velocity distri- 
bution can "be made tc approach closely that of the basic 
streamline "body; consequently , -che critical comp r e s si hi li - 
ty speed vail he as hi^h as that of the s t reamline body 
and the same frvorable laminar counc nry-layer flow condi- 
tions can he realized, 

3d Further research is necessary to determine in de- 
tail the optimum outlet opening shapes that have b?er_ su°;- 
$e$ted by the results of this in ve st i^at i en . It is pro- 
Posed that outlet openings should he designed so that the 
static pressure in Dhe internal flow at the out: et is the 
same as the static pressure in the externa} flow in the 
vicinity of the opening 

4 0 'The internals duct shape near an ir*let of ^ ven 
size had no appreciable effect on the external dra^ or 
pressure di st ribut ion 0 

5. The location of a smooth-barrel ^un in the nose- 
inlet opening caused no appreciable increase in dra^ at 
low angles of attach. The muzzle of the ^un should be 
slightly rounded, and the length of barrel extending be- 
yond the inlet should be as small as possible * 

Lan^ley Memorial Aeronautical Laboratory 

National Advisory Committee for Aeronautics, 
Lan^ley Field, Va. 
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TABLI] I 

Ordinatos of Streamline Body v.nd Nose Inlets 
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.TABLE I (Continued) 
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TABLE II 

(See f 3.4; . 20) 

Crdinates for Deriving Optimum Kcse Shapes for 
Inlet Duct Sizes Other than Thocje Tested 
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TABLE III 

Increase in Dra^ with &un in Hose-Inlet Opening 




nose 3 



( natural transition) 



. 5 0 - cal :. ber ma chine ^un 





1/d 


v/T 


Iiicrc? S3 in furela^c drai 








due to sua, percent 


0 


l.ir 


0 


12.3 


0 


1.13 


.25 


12.5 


0 


1.13 


.50 


10 . 6 


0 


.5? 


0 


S .6 


0 


0 


o 


2,6, 


1,5 


1,13 


0 


21.5 


1.5 


1.15 


.25 


15,1 


1.5 


1,13 


.50 


10,2 


3.5 


1.13 


0 


33.5 


3 , 5 


1,13 


.25 


20.4 


3,5 


1.13 


.50 


'y SJ 


3.5 


.57 


0 


13.4 


3,5 


0 


0 


4.3 



.1 



37-L;illinet er cannon ( 3njocth barrel ) 





1 

1/ d 


v/V 


Increase in fuselage dra,~ 
due to ^un , percent 


0 


1.13 


0 


5.7 


0 


1.13 


.25 


4 . 3 


0 


1.13 . 


.50 


0 


1.5 


1.13 


0 


11.5 


1.5 


1.13 


.25 


9.0 


1.5 


1.13 


.50 


0 ' 


3,5 


1.13 


0 


19.2 


3.5 


1.13 


.25 


0,1 


3.5 


1.13 


.50 


0 



NACA 



Fig. 1 




44.00" 




OUTLET OPENINGS 



- NACA Z7-ZIZ AIRFOIL 




INLET -OUTLET C0M3INA TIONS 



SCALE 



lO.OO- 



Ff'gure /- Streamline body with general arrangement of inlet and outlet openings. 
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Figure 3. - Nose inlet openings compared with streamline nose 
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Figure 6. - Schematic diagram of set-up for tests with bhwer. 




Figure 7. - General view of blower set-up in the test chamber of the 8-foot high- 
speed wind tunnel. 
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Figs. 8, 26. 
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Figure 8.- Measured static -pressure distribution about streamline body mounted on NACA 27-212 
airfoil compared with theoretical distribution on wing alone and body alone. 
If, 0.18; R, 7.6 x 10 6 . 
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Figure 26-- Sketch of flow conditions (no internal losses) for a tail outlet opening simi- 
lar to those tested and for a suggested improved type. 
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Figure 9.- Variation with- 
Mach number of 
peak pressure coefficient 
on top of streamline body. 
Comparison with theory. 
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Figure 13.- Comparison 

of the static - 
pressure distribution over 
the three nose inlet open- 
ings at two rates of air 
inlet . 
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Figure 10.- Variation with Reynold* number of the 

location of the transition point on 
top and bottoa of streamline body. 
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The external-drag coefficient of the etreamliae 

body with fixed and with natural transition. 
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Figs. 14, 15. 
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Figure 14.- Correlation of 

exte rnal -drag 
coefficient and transition 
point location for the 
three nose inlet openings. 
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Figure 15.- The external - 

drag coeffi- 
cient determined from both 
force and wake-survey 
tests with transition 
fixed at the nose of each 
inlet opening. 
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Figure 16.- Typical static- 
pressure dis- 
tribution diagram for nose 
inlet openings B and C at 
low rates of air inlet. 
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Figure 24a.- 



Opening at 

21 -percent 
stat ion. 




static- 
pressure distribution 
with annular outlet open- 
ings. 



Figure 24b.- Opening at 
63-percent 
station. 
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Figure 18.- The effect on static-presrure distribution 

of variations in nose shape at the duct en- 
try. vA = 0.30. 



Figure 17.- Boundary-layer velocity profiles at two sta- 
tions for various air-inlet velocity ratios, 
and the corresponding diagrams of local velocity distri- 
bution over the top of the body. Nose B, fixed transi- 
tion. 
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Figs. 22, 23. 
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Figure 22.- The static-pressure 
distribution on the 
afterbody with a typical tail 
outlet. Tail D. 



1.00 





k L ^ J 




t 

D 

1 


C k : c — 






1 

d 

1 



.072 L Transit/on fixed 



.06\ 



..05 



8 

I 

■ 

Is, 



04- 




03 



02 



Of 



Outlet 
A — 
B — 
C — 
D — 
F — 



d/D l/L 

v 0.337 0.150 

---o .313 .129 

a .259 .108 

□ .2/6 .091 . 



Figure 23.- Variation with flow 

coeff icient of the 
external-drag coefficient obtain- 
ed with the tail outlet opening 
Fixed transition on nose. 
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Figs. 25, 27, 28. 
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Figure 25.- Variation with 

flow coefficient 
of the external -drag coeffi- 
cient obtained with the annu- 
lar outlet opening at the 63- 
percent station. 
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Figure 28a and b.- Variation 
with flow 

coefficient of the external- 
drag coefficients for nose 
inlet opening A combined with 
various tail outlet openings. 
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Figs. 29,30,31. 
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Figure 29a and b.- Variation with flow 

coefficient of the 
external-drag coefficients for nose 
inlet opening 3 combined with various 
tail outlet openings. 
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Figure 30.- Variation with outlet 
velocity ratio of the 
external -drag coefficients for nose 
3 combined.with various tail outlet 
onenim-s. Fixed transition. 



Firure 31a and b.- Variation with flow 

coefficient of the 
external-drag coefficients for rose 
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Figs. 32,33,34. 
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Figure 32.- Comparison of 
the external - 
drag coefficients of the 
three nose inlet openings 
tested with tail outlet 
opening C. 



Figure 33.- Comparison of 
the external - 
drag coefficients of tail 
outlet C and the annular 
outlet at the 63-percent 
station of the fuselage. 
No-e B. 
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r igure 34.- The external-drag 

coefficient of the 
nose B - tail C combination com- 
pared with an estimate based on 
the drag increments obtained in 
the tests of the individual 
openings. Natural transition. 
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Fig. 35. 




Figure *5 - The effect of the presence of a .50-caliber machine gun model in 

the inlet opening on static-pressure distribution on top of the 
body. Nose B, natural transition. 



